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[57] ABSTRACT 

Oligonucleotide analogue arrays attached to soHd substrates 
and methods related to the use thereof are provided. Tlie 
oli<^onuclcolide analogues hybridize to nucleic acids with 
cither higher or lower specificity than corresponding 
unmodified oligonucleotides. Target nucleic acids which 
comprise nucleotide analogues arc bound to oUgonucleotide 
and oligonucleotide analogue arrays. 
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08/440.742 filed May 1^ ^^^^.^^ f otide analogues of the array a« between about 5 ^ 

continuatioa-m|art o^^ ^^^^ 26 i994 nucleotides, nucleoude analogues or a mixiu 

Sis'tSatlX^^^ len^^- . ...eoside analogues 

^^1^^uVs rrA43i^ med^^ j--jztfe:s^^^^^^^^^ 

^andon^ each of vlhich is incorporated berem by refer- P^^^ ^^^^j^j fonnula: 




. ence in its enUrety for aU purposes 

HELD OF THE INVENTION 

T^c pce^nt invention P-yl^- P;.*^^^^ 
nucleotide analogues 1--°^ -^^^^^^^^^ of biological 20 
strates for analyzing "^1!"^^^'°;" rfsed of nucleotide 

interest, and target ny^l^fj'^^ ,he molecular ^ independently selected from the 

analogues. The inyenuon J^erefore i^at" ^^^^^^^^ ^^^^^^^ ^ ^ J^J^f Sy,^ hydroxy, alkoxy (e.g.. 

interaction of polymers >°l?°JJ'^J° ^dte ^roup consistmg of hydrogen, rn^^^^^^ y propargyloxy). 

including related chemistry, biology, and medic ^ ^^^^^^ ^Krine Chlorine, and Bromine). 

alkylthio. halogen CFh^onn« Chlor ^^^^^^^^^.^ ^^^.^^ 

BACKGROUND OF THE INVENTION ,t ^seUct^t om ..he group co-^^K^P"^^^^^ 

^ H .tonment of very large scale immobiHzed poly- 3„,iogues, Py^^^^^'f^^'^Z g^To ring 

Tte developme^^very S ^^^.^^ pioneenng ? ! ^ases (e.g.. 5-n.trpmdole) ^J^^^jSJgtn bonds 

■"".'^H fnr lai numbeis of oligonucleotide ^ capable of fonnmg one or mo e hjrdr^ ^ 

methods for ^""f^°S _ appUcation Ser. No. correspondmg moieties on altemaie s^ao 

• ' '^^Sd htrein for purposes, describes methods /cleotidc analogues "5 ^°°JJc,eic acids in 

''''^^T^27o£LcL^<^ probes that are used 1^^^,^^^^. but arc "P^'f .^^yS J^tw^^ the oligo- 

specified sequence. nucleic acid or polyamide nucleic acxd m^^^ 

^'"^ 'SLTt of o' Saturized oligonucleotide hydrogen bond to a nucleic acid are attached to p 

large scale P'O'*"?""" ,,„bridizaUon (SBH), diagnostic backbone. . „^„:des tareet nucleic acids 

arrays for sequencmg by bybna^uo v jjc , invenUon also P^^**"","^" " t nucleic 

testing ".J*" oS."^^^^^^ hybridked to oligonucleotide arra^.^^^^^^ 

diseases, ^-^^^^Jn^specL^^ nucleic acids. ,^asof the "'^^"'i^rglKy^^^^^^ P«>P- 

;Sr=c:»«i-otherpolymer-.ly.er ^^^f tS^^^^^^^^^^ 

interactions. , bes. TypicaUy. the ohgonucleoUde prooe 

SUMMARY OF THE INVEOTION . . . comprise nudeotide anato^es. ^^^^^^ by . 

nucleotides based upon °f ^^^"^to the arrays of logues using taq Pojy'""^* "'J^ \^ be analyzed is typi- 

incorporating oMgonucIeolide -"''^S^^f^cleic add is nucleic acid oontaming a ^q^^^J^^igcation procedure 

the invenUon. bybndoaUon to a target nu ^ *,!^£«°and the faulting target nucleic 

optimized. . „^ „=,hiallv any with nucleoUde ana ogues, ^ . \ nucleic acid 

V oligonucleotide ^^'^^'"^y^^T^^SX Z ^ ""'^"^^ a'"Pl'««' '"y""^'""' 

number of different 'n«'°*'«'"'.^f''^„ened against the analogue array ^ i „„cleic acids 

number or variety o .comi«unds to ^J^^H^l^^,,^, ^"eonucleot.de anatogue a^^^^^^^ 

array in a given application. «° °« f ""P^^^,;de analogue are optionally c^^^P^^J or degradation by nuclease 
members. In preferred embodiments, me an y 
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restricted probes s^^^^^^ ^obes which k ?n , . Cthe 2°0 eroup. or a bromo group on 

^^^^ 

hvbridization pattern is determined. mPNA. discussea aoovc i ^.rii^ed in standard automated 



6,156,501 

6 



A -purine" is a generic ter. based upon a.e specific g^^:^^^^"^^^^^^^^^^^ 

compound "purine" having a skeletal stryc ure denved from JS"" ^^^^^^ q^,, ^j. IRL Press, Oxford (1984); 

theLionofapyrirnidineringandan.m.dazc^e^^^^^ ^^'^'^'^^'^^^m^^^^^^ 

generally, and herein, used to descr.be a S«"^"= nw") K L Dueholm J. Org. Chem. 59. 5767-5773 

compounds which have ^nalorn or a group of atoms ad^^^ 5 jj^^^^' ^ /^^Md.)Methods inMolecularBiology. 

to the parent purine compound, such tbebases found m (i;94) ^d ^^^f ^^^^^^ ir,corporated herein by refer- 

the naturally occurring nucleic ''"d? ^^den ine vowm • purposes.. Synthesizing ummo- 

(6-aminoputine) and guanine (2-»«i°°-6-°'=°P'T^^)' douWe-stranded DNA in solution has also been 

Commonly occurring molecules such as 2-ammo-ademne, ^adar ^do.bl^^ ^ ^^^^^ 08^327.687. 

N*-methyladenine. or 2-methylguanui6. ^ ^ 5^56,752 which is incorporated herein 

A "purine analogue" has a heterocyclic ring with » for aU purposes, 

tural simUarities to a purine, in which an atom Mgro^^^^^ Unproved methods of forming large arrays of 

atoms is substituted for an atom m the pmne nng tor ^ j ,ides and other polymer sequences 

instance, in one embodiment, one or more N atoms of the ^8°°"^^?°^^^^^^^ 3y„,hctic steps are known. See, 

purine heterocyclic ring are replaced by C atoms. Kming" U.S. Pat. No. 5.143.854 (see also. PCT 

A"pyrimidine" is a compound with a specific heterocy- . .^^^i^^^ no. WO 90/15070) and Fodor et al., PCT 

cUcdiazine ring structure, but is used genencally by persons. ^^^^^^^^^ No. WO 92/10092. which arc incorporated 

of skill and herein to refer to any compound having a herein by reference, which disclose methods of forming vast 

IJ^iiazine ring with minor additions, such as the common of peptides, oUgonucleotides and other molecules 

nucleic acid bases cytosine thymine, uracil. ^^^^ ^^^mple, Ught^lirected synlh«is techniqu^^ 

5-melhylcytosine and 5-hydroxymethylcytosine, or the non- ^^^'p^^^^ ^^ (1991) Science, 251. 767-77 which is 

naturaUy occurring 5-bromo-uracil. incorporated herein by reference for all purposes. These 

A "pyrimidine analogue" is a compound with structural p^cedures for synthesis of polymer arrays are now referred 

similarity to a pyrimidine. in which one or more atom m the ^ VLSIPS™ procedures. 

pyrimidine ring is substituted. For instance, in one using the VLSIP™ approach, one heterogenous array of . 

embodiment, one or more of the N atoms of the rmg are . ^ converted, through simultaneous couphng at a 

substituted with C atoms. , . „un,ber of reaction sites, into a different heterogenoi^ array. 

A "solid substrate" has fixed organizational support y g. appUcationSer. No. 07/796.243 U ^. Pat. No^ 
ma\^ix. such as sUica, polymeric materials, or glass. In some 30 5^34.261 and U.S. appUcatbn Ser. N°-^O7/980^23 ^w 

embodiments, at least one surface of the substrate k pailiaUy ^ 5 5.677.195. the disclosures of which are mcor- 

olanar In other embodiments it is desirable to physicauy ^gjgj^ ^ 

separate regions of the substrate to deliiieate synthedc . ^^j^ development of VLSIPS™ technology as described 

«gions, for example with Uenches. grooves wells or the ,bove-noted VS. Pat No: 5.143,854 and PCT patent 
Uke foample of solid substrates inchide slides, beads and 35 p^^Ucation Nos. WO 90/15070 and 92/10092 is considered 

arrays. 1^^^'^°^'''^''°^°^^'''^'^'^^.^^'°^^^^ 
OESCR1P^OHOP™HOKA^VINOS 

in fluore^nce intensity between the matched and ^^^^^^^ a partial or c«mplete «q""« of a Urgej 

mkmatthcS DNA probes. FIGS. IC and ID illustrate the ^^^j^;^ and to detect the presence of a nucleic acid 

difference in fluorescence intensity verses location on an containing a specific oligonucleoUde sequence, 

example chip for DNA and RNA targets, respectively; Combinatorial Synthesis of OUgonucleoUde Arrays 

no 2 is a graphic illustration of specific light-directed vLSIPS™ technology provides for the combinatona 

chemical coupUng of oligonucleotide analogue monomers to ,^^5^ „f oligonucleotide arrays. The ^"'bmalonal 

an array ^SIPS^ strategy aUows for the synttiesis of anays con 

Z- S shows the relative efficiency and specificity of .fining a large number of related probes using a mimmal 

K ^M-Lnn for tomSed probe arrays containing ^„ nun^tfr of synthetic steps. For instance, it is possible to 

f't ve^^tote mays Sntaining 2.6.diaminopurine '° "^^Uiesize and attach aU possible DNA 8rner ol.gonuc^- 

S idro^cS^CTAGAA-S-. (sIq id NO:!)). . oSes (4«. or 65.536 possible -o-f^?-) r/^^^S 

2.6.d,am.nopunne (^ im^^^^^^ ,5 Jr^bes on an anay using only 4a synthetic steps. 

^ nG.6shovithe cffectsofdI a^7^^^d^^^^^^ ao -J;-^ ^yS^x^ ^"p b 

tions in oligonucleotide arrays. (3-.ATGTT(GlG2G3G4U:>; ' photolysis through a photolilhog- 

CGGGT-5' (SEQ ID N0:5)). fit mKu^d «lectivety to expose functional groups 

DETAILED DESCRIPTION which are then ready to react with '°«=om.ng 

Methods of synthes^g d^.ed sin^e st«nd^^Ugo « ^^^S^i^^^^^^^^^ 

Srula^d(andthusexposedbyremova.ofthephotolabUe 
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to perform the ^y»J'^f Xt'phTsphate linkage. Instead. ^l^erland). Invitrogen. Sa-^.D-g^'^^f ^/i^^ther 

.f. Pat. NO. ^^^^^ ^=".^5 ^^^^^^^ .. , 

Peptide nucleic acds are comprise a known.Se6,e.g.,LukevicsandZabl«^U(.l^^^^ 

e.g.. Biosearch Inc. gedford^M^^^^^^ 0;s«m.7.-c.« M^^^^^^^^^ 

polyamide backbone and the basM iouno _ Chichester. West Sussex, England and tne rei 

ring nucleosides. Peptide nucleic acij^^^^^^^ ^° Methods of ptosphotylating n<^^cUosidjs^ 

tog^o nucleic acids with ^'^^^^'^^^li^ disclosure. Tucleolides. and of incorporatmg n"dwt.d^ g 
..oligonucleotide ^^>^°f^fJ^^^Sny ^r^frisc bases nucleotides are also Synthesi 

probes have better duplex « w^to a Ug. ^^^^^^^ ^ ^8^%^: Ipkx by elcSic interactions with 

Mismatch discrimuiauon than shorter pr V ^""^^f losohate backbone, or through 

discrimination refers to the f t'^^^^^'^"?^^^^ base the ■>eg»''^«ly,.'=''"rf„SS L th^ 

So between a perfect "'''^^Pf ViSers) d^riminate ' hydrogen bonding uilera^^ons ^ '^^^^^^^ 

mismatch probe. Shorter probes («f •• J:'?*^|Sy ^low. groves. For examp e, adeiiosme g .^y^. 

SLatchi^very welUbuttheovergaupk^^^^^^ 3^ optional y ^^^^^^^t stabUity. Universal 

In order to optimize mismatch •'^^tnaiio j p^^p^j g^^p increasing P j^jj^j^joie are 

stability and "mismatch discrim nJ^n^One ^J^ "^'=•1^^ ir^greater destabilizmg effect on the 

altering the T„ arises ftom the fact toat ^ ^T-f r„lex Howevlr. as the overall thermodynamic 

(A-T) duplexes have a 7,^*?,, .heA-T duplexes 45 bybnd duplex. .""T'''! ' ^fl^ 

G-C du5exes.due inpartto hef^cu^^^ stability of J d«r^^^^^^ ,,3,iHty for short 

have 2 hydrogen bonds P" ^a« pa^^ „,ents '\%^^f^^^°^oi^c,iionsonhz sugar inoiety in 

Modified, non-standard --^^'^^'^^^T^ gfneraUy Parts- „f internuclcotide phos- 

residues with 7-deazaguanme. •^^f^^P'^jenine residues Replacement or subsutu uo .^^,^3,5 also used 

destabiUze duplexes. whete««»lmg^^^^^ ^ Mcthd^^Z^rno^go ^m „f p^bt-target 

^0, 2.6-diaminopu<™= « to either 'f "A^'imting phosphodiesler h^^ 

variety of other ^^^'^^^^^ ^"P^« '"•'""^ -rSoSoatTor phosphorodilhioate linkages 

nucleic acids to enhance 0 dec«a»owa^^ v ^^^^ ,^^°^^Z^^My. without affecting sequence 

while mainuining specificity of hy^"*^"''" generaUy lowe^ duplex slabm y, ^ethylphospho- 
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^ ' . K Vhnn<= has ^ sugar-phosphate backbone has been replaced with a polya- 

therapeutic agents. See. e.g., .crooKe - v anv tarect oUgonucleotidc and probe or probe analogue inc 

(I99I) ^ntiser^e R^a^^^P^^^^ ^ Sob2cd'shov« the behavior. of ^of s^^^^^^^ 

Saoghvi and Cook (eds) Ciyy^;^fl';c-^// _ .^^ ^ j^.. .■^„ formatioQ with target oligooucleot des. Aiterea 

^^Hc\^Sr.^^^^^^^ dSLSS-nfcrredb/^^^^ 

ington DC. Very s'a^ie n^o ^^.^3^ ,„ ^ ascertained by following, e.g., fl"°J«f f 

-.Kin n,.clcic acid probes or the targets , equiUbradon conditions at a specified temperature. 

^•m' .^ll8lvSLr^^35: 3^ and Sunquist and Kltjg 30 ^^nomefratiosof 2havetobedistmgu.shed(e.g..inthecase 
. ^ 825 Tliese structures are selccti^ of a heterozygous trait or sequence). _ ' . 

SlS'by StiS of one or more guanipe ^n^^ ^^^^ ^„,l,,,ae Ana- 

,o„of.heprobearray.In^^^^^^^ diamtno^^^^^^^^^^ ,„d 

replaced oligonucleotide probes |:^"!*^^';:\2-io^ 

[^^JTS^^l^ic ctSnstuch are usfd dur^g .be .anu- ^-^^U^^^^^^^ ^S^^^'^ 

facture or use of the arrays. . • _ . ■ ^^ed in acids using the syntheUcmeth^desgW .^^^ 
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Synthesis of 3 -ptoioprp lane. , '.m.c arnerated by synthesis using 

analogues . ' f „„nUv arrays of nucle- . The oUgoribonuckotides generaic jr ^ 

Tl.e light-directed synthesis of c»mpl^^^^^^^ ordinary ribonuclec..des 3xe usu^^^^^^^ ^, 

otide analogues on a glass surface IS aome^^^^^ lo of 2 ;°|°J^^6RNi). analogues of , 

2g cyanoerhyl phosphoramidite "^l^^^^^?^"" Luimc methyloUgoritonucleoudes £ ;OMeOK 

Tna Jgues (e.g.. nucleoside -S^J.'^JSSs) >vith. RNAwhere 2M,yd^«P^^Tss base labile. Sproat 
cytidtoe, adenosine and giianosme vath pno_p j and RN/^e resistant, making ^ ^.^^^^^^^^ 

group. See, aPP™° y^^i nucleosides are com- ^ by reference for all P^^P"?" % Q.^ethoxy- 

P^'^f P'^^i^tStiS mod fl^ (,.g..by 2-O.alkylaUon ^^^.^ ^^^^dified «'"nterparte. 

^tT^SSigues which are used to generate Other e.bo^-^^^^^^^ ..ese tech- 

oUgonudeodde analogue ^ .„ ^ to generateo^ ^-^^^t'^STZ^oZ 

Modificauons to a°°?^^^^^^ jjiiion of MenPoc to the L>,96 743, filed Nov. 22. 1991, ^bich « m ^ 

embodiments to avoid s.gmfcanu<>^ embodiment, a by reference in its "^'^ ' "rd?rected 

3.hydroxyl Pl^uon F^^^^^^^^ ^^^^^ dMT- ^^^....^ oligonucleotide ^"^^ ^"fptdeL^ array 

2'-0.methyl "*«°".7„Xhew^ presence of ^„rf,ce of a substrate f^^^ that a p ^ 

d di(p-methoxyphenyl)phet^yi /^^ ^^^^^^^^ ^ o j^^^e analogues is "^^f ^^/°^^,d on or 

pyridine to generate ^ ^f-^^'Jg, Edition of TBDMS to ^tannels, grooves, or spoU ^^^^ 

otide analogue. This « paction vath ^ , substrate. Rcagen^ a c sekcUvely ^^ . ^ 

TBDMS-TnBate It Du y triethylamine in THF ^„^y havmg <lifi"«« ° jpcations on the sub- 

sulfonate) in Sr-O-methyl-S'-O-TBDMS-S'-O- 35 ^Ugonucleolide analogues at selected loca 
f tetrabydrofuran) to yieia a z -n,;, analoeue is treated , ° 

mmmm^m 



10 IU^> ; 
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oligonucleotide analogue complexes. 5 tary portions of the oligonucleotide analogue. 

. Oligonucleotide anal6gue Probe Arrays and Libraries j^e present invention also contemplates the preparation 

■me use of oUgonucleotide analogues in probe arrays ; jji^./ries of oligonucleotide analogues havmg bulg^pr , 
provides several benefits as compared «oj'^°^a d^bg^ addition to complementary regtoas. Sp«ific RNA 

OTcleotide arrays. For instance, as discussed f P/^ «J bulges are often recognized by proteins (e.g.. TAR RNA is 

oUgonucleotide analogues have enhanced hybnd.za on J^^^f i,.., by the TAT protein of HIV). A.ccordmgly, Ifc ar- 
characteristics to complementary nucleic acids as compared & onucleotide analogue bulges or loops are useful in 

wi h o^goaucleotides made of naturaUy e- f^^^°ef of diagnostic appUcations Tbe bu ge or loop can 

^des. One primary benefit of enhanced hybnd^ation char- ^ oligonucleotide analogue or linker porUons. 

..-1-...., ,n,l„<me orobes are J .^j^gue probes can be configured .n a 

15 variety of ways. In one embodiment, the unmiolecular 
probes comprise linkers, for example where the^probe is 
arranged according to the formulaJ-L ^X-^^ 



, the more synthetic steps must be penormea i« 
maKe me probe and any probe array composing the probe. 
S i^cre'^les the cosf of making «he Prob«j.nd 

Furthermore, as each synthetic step results in less than IW^^^ double-stranded ummoiecuiar p.«^« » ^"'nlMi f^l 
coupling for every nucleotide. th« q^J^of the p obe ^ ^^.^^ ^ ^ ^^^^.^g ^^^^^^ ^";!?L»°J?Kd 

degrades as they become longer. Secondly, sbortji^cs ^ jth^t^ny of the elements of theprobe{L.X ,L and 

provide better mis-match discrimination for hybnd^^ation to « l^^^J^ nucleotide or an oligonucleotide analogue 

aUrgetnucleicacid-Tliisisbecauseasin^ebase rn^rna^^ ^ ) ^ j„ embodiment .s an ohgonucleot.de 
for a short probe-target hybridization IS le^ desta^^^^^ 

than a single mismatch for a lonprobe- argethybnd.« 30 ^ oligonucleotide analogue probes are optionally 

Thus, it is harder to distinguish a single probe-ta.^^^ Ifie g moieties. For example, 

match when the probe is a 20-mer than wh^n j^^ «^a°gea „ ti^^^uy p^cnted ftom the 

8-mer. Accordingly, the use of short °l'g?°"'^'_f °^ S of a conformationally restricted oUgonucleotide ana- 

logueprobesreducescostsandincreasesnusmatchdiscnm- ^~b~n these emlidiments, t^ 

nation in probe arrays. . . , ^neraUy have the structure-X'-Z^X^ wherem X and 

Theenhancedhybridizationcharacteristtcsofjgonud^ P e «mplementary oligonucleotide analogues Mid^^^^^^ 

otide analogues also allows for the ""««°° « "J^f"";'' ^structural element presented away from ^e surfa« of the 

otide analogue probe arrays where the probes m the arrays ^ ^^sl antagonist for a cell 

have subsuntiaf secondary structure. For "^'ance. the oh- PJ^^^J^^ , toxin, venom, viral epi.0P«. Jormone 

gonucleotide analogue pmbes peptide, enzyme, cofactor. drug, protem. anUbody or the 

be fully or partiaUy double stranded on the array. The probes VV 

are optionaUy ~-P;;«ll'^^C^^ General tiUng strate^es for detection of a Polymorphism 

acids, or are optionally nnimolecular o"e°°" ' . . . , oligonucleotide 

self-complementary regions. Libraries of d»ve'se double m a 'J J anolications, oligonucleotide analogue 

of nucleic acid '''"^^ffifo^attoS'sJecificoUgonucle- Reference sequence and a target o«'g°n"'=l^°''5V„,^f ' 

(e.g., to examme '"P}«^*« ^r'S'^^^ the formation whether an individual has a mutation or polymorphism m a 
otide analogues are known to ^ Sa^ (1995) Bio- ^ ^own gene. As discussed supra, the oUgonucleoUde target 

of unusual ^condary stmcture ^^^^^^ 50 g^own g ^ ^ r''^'°°,r^S 

08/327,687, and sunilar strategies are appucaoie s mng co p j ^^^^^ ^ ^ 

nucleotide analogue probes. 55 3=°'* ^^^^ comprising either the reference 

In general, a soUd ^uppoH. which opUonaUy has an «Ja^ jf^^tsof thats4uence. Any poly^ 

attached spacer molecule b attached to the dista end of Uie selected as a reference sequence. 

oSgonucleoUde analogue probe. Tbc probe .s attached ^ a ol^J* interest include sequences known to 

sinile unit, or synthesized on the ^VPf^ or ^acer^" a Rcfcj<=««^^^^^ polymorphisms associated with phe- 

monomer by monomer approach "sing the A^LS^S or « "^^^^^ havkg cUnical significance in human 

mechamcaljartitiomngmethodsdescribedsupr^^^^^ notyptc cb^ges 

oUgonucleotide analogue arrays are .^"jj^r*™: have been identified as the location of several 

T .... ........... »»>~-'i" roSarss tirss^'S* 

oUgonudeotides, such as protems. dyes, co-factors, linkers 
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/ HIV «v«sc transcriptase gene for throughout the 1^^^^^^^^ 
drug resistance (e.g., the ces of interest a segment sequences lacking compk- 

HIV resistance). Other «terenc6 * 4 by leading or tra^J^S ^ ^e used. Within 

cornovirus, respiratory =} j narvovirus, vaccinia sequence. The laenuiy m « . ,° ^ the first 

rotavirus, measles vinis, ^oUus- .^responding nucleotide in ^j^'?,^^^*^,^^^ of the 

virus, HTLV virus, dengue ^"yf' P^P-^^^n^'arboviral « probe set cannot be "^f^^^^^P^y cone- 

virus,. ^^^i:S::^-J^2Z a interest are Jrobe in the f-' f^^ structures 
encephahtis v'™^- ^^'"fjf'jathogem bacteria, partial- spond.ng 'f «obe set and corresponding probes 

from genomes or episomes oi P* & „ ohylogenic of probes in the first prooe sei an 
larly rlgions that confer drug ^^RNArSespond- from additional probe sets. 

characterization of the host C^^^. > 1^ .f ^dul^^ ^ For each probe in the first set, there foj P*^^^ 

ing DNA). For treptU Jj^nt illustration. ?"W?l^'=°rrrt fre ^^^^^^^ 

rickettsial bactena, ■^.y^^'^'^f^'^^J^^^^^^^ Websiella, .adkional probe sets. For f '/^st in the 

pneumonococc, memngoc^^^ corresponding '° "t"^^^::;'" ^^^^^ 

proteus, serratia pseudomona ^ s ^^^^^^^^ reference sequence. Each of the conesponoin^^^^ 

salmonella, bacilli. "f'f^' bacteria. Other 25 interrogation position aligned vv^ith «ia nuc eoi.^ 

plague, leptospirosis. f Jf^^^^^T those in which ^ Usually, the probes from J^j'^'^^h/fi?^^^^^ set . , 
reference f '"^g Autosomal recessive dis- identical to the corr«pondmg probe f^^'^^^^^^ ■ 

mutations result n the »llo'^f^ ;^ phenylketonuria, one exception. Tbe exception JS " (he 

orders: sickle ^^^-^.-^it^S^ ^-f' PC«i<-». -'>'<=^ ^''.''th:TddiS^prL^ ^ 

galactosemia Wdso" s di^ase n ^ ^„^sponding F°bf ffo"'.*^^/"'^^^^^ ^ the corre- 

combined i^'?"""^ lysosomal storage dis- position is occupied by » ^ff"^?/. °;'^°Ses are also . 
deficiency .^^^^^^ '^^""^"^ ^ponding probe sets, " ^^^^^tl 

disease neurofibromato^^^ ^^^^^.^ n ^ analogues which f ^ave phosp 

hemorrhagic telang e^^^^ 1 ^5 ^^^^ ^ p^p^de nucleic acids). 

probes on. e.g.. a chip. In FO^^^S ^ j ^^.tled into ".""^"^ues that are KM oligonucleotide 

Uon signals from ^^ff^J^^SSuent S reduction, ^^^^^^^ ^ the examples below, including 

Xuvrr;£Xf«-^^^^^ - :SShyb -^.atlon m oUgonudeotide arrays, 

strate. . ^j^. sji^atcgy provides an 60 Example 1 

nucleotide. Hie perfect complememaniy «^ 
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The T was determined by varying the sample temperatiue 
S mooitoring the absorbance of the sample solution at 260 
nm. The oligonucleotide samples were dissolved in a 0 JM 
?jTci solution with an oligonucleotide concentration of 2 
S e 1 summarizes the results of the experiment. T^e 
Sute show that the hybridization of DNA - «lu^- J- 
approximately the same T„ as «be hybndizat.on o DNA 

a r-O-methyl-substituted 
The results also show tha «h^T"j!5 .° firL 



rate of inaease in intensity was then plotted for each probe 
Uition. The rate of increase in intensity w^ similar fo 
both targets in the 8-mer probe arrays, but the 12-mer probes 
X^n^ more rapidly to the DNA target ol.gonucleoude. 

Plots of intensity versus probe position were generated for 
the RNA, DNA and 2-0-melhyl oUgonucleolides to as«r- 
L mkmatch discrimination, Tte 8-rner probes displayed 
^milar mismatch discrimination agaiiBt all targets. T^e 
12-mer prob^^displayed^thehigh^^ 



The results also show that «he T„ for the ^-u-memyi- P"™^^^^^^^^ 

SuT^^S^-U h^StLn the T„ for the corre- nation. 



spending DNA:DNA or RNA:DNA duplex, 

TABLE 1 

Solution Oiigotiuclcotidc Melting Experiments 
- Target Sequence 
(5'-Cn>AAaK>TACK:ArcnX}AC-30(SEQ ID NO: d)* 
^ tj\ - Complementary Sequence 

^.^.^n. .r.A4r.rTACCGTrCAG^VSE_a^NO: 
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TVpe of Oligonucleotide, Type of Oligonucleotide 
•K^ct Sequfnce (+) Complementar y Sequence (^) 



DNA(+) 

DNA(+) 

20Me(+) 

2*OMe(+) 

RNA(+) 

RNA(+) 



DNA(-) 
2'OMe(-) 
DNA(-) 
2*OMe(-) 
DNA(-) 
20Me(-) 



61.6 
58.6 
61.6 
78.0 
58.2 
73.6 
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•T refers to thymine for the DNA oligonucleotide,, or uracil for the RNA 
oligonucleotides. 

, . Example 2 

Array hybridization experiments with DNA chips and 
oligonucleotide analogue targets 

A variable length DNA probe array oii a chy. was 
designed to discriminate single base •n^'-^'f 

t°^fiAXcGGTAGCATCITGAC-3' (SEQ ID N0:6) 
?dS Siel S^cSSaACGGUAGCAUCUUGAC-^^^ 

^^PO ID N0:8) (RNA target) and 
Sa/^CGGUa6cAUCUUGAC-3- (SEQ ID N0:9 
a'-O mXl oUgonucleotide target), and generated by^e 
^ire™ procedure. Tlie Chip was designed with adjacen 
Sle« and 8-mers which overlapped with the 3 target 
sequences as shown in Table 2. 

TABLE 2 



Thermal cquiUbrium experiments were performed by 
hybridizing each of the targets to the chip for 90 ^inutes at 
5» C. temjirature intervals. Tlie chip was hybndHed wuh 
the target in 5x SSPE at a target concentration of 10 nM. 
Inten^y measurements were taken at the end of the 90 
minute hybridization at each temperature pomt as descr*^^^ 

above. All of the targets displayed smiilar stabiUty wi h 
20 minimal hybridization to the 8-mer probes at 30 U in 
rdduTon. all of the targets showed similar stability in hybnd- 
tog to the 12-mer 'probes. Thu^.'^e 2'-0-methyl o^^^^^ 
nucleotide target had similar hybrid.zaUon charactemtics to 
DNA and RNA targets when hybridized against DNA 
probes. 

Example 3 

2'-0-methyl-substituted oUgonucleotide chips 
DMT-protected DNA and 2'-0-methyl phosphoramidites 
were used to synthesize 8-mer probe arrays on a glass slide 
using the VLSIPS™ method. The resultmg chip was hybrid- 
ized to DNA and RNA targets in separate • 
Urget sequence, the sequences of the probes on flie chip and 
Ht^L\ physical layout of the chip is described m Table 

^" nie chip was hybridized to the RNA and DNA targets in 

sucwssive experiments. The hybridizaUon «.nd.t.ons used 

were W nM ^get. in 5x SSPE. The chip and solution were 

u V ; r^L -i^C to SO" C with a fluorescence measure- 
heated from 2(r C. to du wiui a 

ment Uken at 5 degree intervals as descnbed in SN PCI/ 
US94/lSo5 -me chip and solution were maintamed at each 
umperature for 90 minutes prior to fl-««^°- ^^^^"'^^ 
merits TTk: results of the experiment showed that DNA 
mob^ were equal or superior to 2'-0-metiiyl obgonucle- 
0 ii andSi^probes for hybridization to a DNA Urget bu 
SatTe 2^0-methyl analogue oligonucleotide probes 
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Target 1. (DNA) • 
8-mer probe (complement) 
12-mer probe (complement) 
Target 2 (RNA) 
8-raer probe (complement) 
12-mer probe (complement) 
Target 3 (2'-0-Me oUgo) 
8-mer probe (complement) 
12-mcr probe (complement) 



Array hybridi zation Experiments^ 

5LCrcAACCKrrAGCAraTGAC-3' (SEQ lb NO: 6) 



i'.CUGAACGGUAGCAUCUUGAC.3' (SEQ DO NO: 8) 



5'.CUGAACGGUAGCAUCUUGA03* (SEQ H) NO: ?) 



showed dramaticaUy better hybridization to the RNA target 
'Se D^^lprobl In addition, the r-O-methyl anatogue 
oligonucleotide probes showed superior mfematch d^cr^i- 
« nation of the RNA target compared to the DNAprobes^The 
" Sifference in fluorescence intensity between the matebed a"^ 
mismatched analogue probes was greater than the difference 
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between the --^-^^f j^^^^ 

malicaUy wc^casmg the signal lo noi^ (M)aiid(P) 

plays the r^^^gf^^S mtrh"?S respU^ 

TABLE 3 



2'.0-incthyl OU goauclcotidc Analogues on a Chip. 
Target Sequence (DNA): 
Target Sequence (RNA): 



5'.CrGAACGGTAGCArCITGAC-3' 

f^"j:SG§UA0CAUCaUGAC.3- 

' (SEQroN0:8) 

t .'A V rTTGCCAT (SEQ ID NO: 10) 
Matching DNA oligonucleoude S-CITGU-AH 

probe {DNA (NQ) s'.rUUGCCAU (SEQ ID NO: 11) 

MatcHng 2-O.inethyl 5 cuuou 

oligoDUcleotidc analogue probe 

{2'OMc(M)} crrrGCrAr(SEQIDN0:12) 
DNA oUgonucleoade probe vath v/ 

1 base mismatch {DNA (P)} rUUGCUAU (SEQ ID NO: 13) 

2'-0-mcthyl oligonucleoudc y-cuuuuu/^ v 

analogue probe with 1 base 

mismatch {2' OMe (NQ) ^ ^ 

7.uPM.-nC REFRESENIAnON OF a'-OMEIHYUDNAailP 



^ Matching 2'-C>mcthyloUgon^^^^^^^ 

2--0-methyl 01^?-"^=,^^=^^^^^ 

DNAoligonucUotideprot>e mux i cr« 

Matching DNA oUgonuclcotide probe 



Example 4 , 

synthesis Q «i°f^.s non-selectivcly 

"^^ fl^SKoxyb on z'o-methyl nucleoside 

with both the 5' and 3; by^^xyB on s^O-MeNPoc- 



1 rA^ arrav<; wcfc constructcd using 

5 S CArCGTAGAA-(5') Q ID NO^)^ j^q U) 
iSSicS^TAGAA: 50 (SEQ ID 1^^^ 
^)HPr^ T e/ff CokAG AA-(5') (SEQ ID N0:16) 

A.G.Cor l,» iQa> Fo j^^i locaUons in 

mismatches '"i'^^"^^^^^^^^ ^ constructed with ai 

^nrtse? fn "^^^^^^^^^^ array, 2-amino-2'- 
natural " „3,d place of adenosine (A). 

15 deoxyadenosine p) "7^^, y.fluorescein-labeled 
Both arrays were hybndiKd « ^ {5')-Fl-d 
oligodeoxynucUoUde tar^ ID N0:18). 

rescence intensity id those regions kjl , /ctq 

30 — gtheindividualp™^^^^^^ 

3) show that a 2-amino-2 -d«°''y*^°°*' ,i.Lelv neutral 
d a heterogeneous probe se^en« ^ » f » ^te 
one, with eff«t on ei^^^r J^^^^^^ 



one. with under conditions 

luc «'-«6-"' ;„'r,ri,^droxvls on 2'-0-methyl nucieosiuc spccifiaty of DNA-UNA nyo" saturated, 
with both the 5' and ^ bydroxy|on 5/o.MeNPoc- 35 4ere the Urget is in excess and the probes are 

analogues. J^y^-'^SSsx^'s £<" "^e in oligonucle- Example 6 

.f .... .,^,,,3^^^. 

Thefonowingex^n^^^^^^^^ 

hybridization of 2 ^*?'^.yX)xyadenosine homopolymer 
mer arrays with 2-am»no-2-««°^y"' , jj. 

IT,, .vnrriment was performea on iwu 
•"^y'if.^^r^le containing arrays. TVo 11-mer 



40 



deprotection scheme ''^ "^^J-^-^^j^^j ^„ .^e S'-O position 

f IJe ffSriboouS anlgue in the presence 
of the protected analogue 

of pyridine m iSg^|.^rifl° tJfa TW. resulting in the 

^.^'^•nn nf TODMS po«P to the 3'-d of the analogue ^h, experiment was V^;'^.;":''J^^~r^o--n.rn» 

addition of the i°'^'"^s'"'^._„„«iwiihTCAA to yield i.„vvnucleotide probe contammg arrays, iwu 



a chip using ^■-"-'",7,^'^ pst^^ 
pboramiditesandsUnardV^SlPS "^^^^ 

'Tx'v* A A^j^^ SeO ID N0:19); where HEG- 
(AAAAANAAAAAj^S") (SEQ JV ^"iVXc r or T. The 

« hexaethyleneglycol^J.*^. ^^^^^^^ by 
second probe was ttP sam?. exeeptin hybridized 
2-aminp.2'Kleoxyaden<«ine (I^. 

(5>Fl-d(mTl u w iij|v J^^v^^ to the probe sequences 

Utionswi 
igitation. 



MeNPoc-a m Ae pre^n«. P^^^ ana 

r'^°^r™s'toS^ wftSS removed by reaction 
S N^J'a™ 3 Vgroup was phosphitylated using 

standard techniques. ^ . j„ 

■ "l^ff P?'c.v^*UKy-0-mfclhylribonucleoside. 
specific yields of 5 derivative was syntbe- 

ifthe fi«t. a less reacuve MeWo= ^^j^je to 

sized by r"<=''°g Mf^^^^\2^reactive photocleavable 

yield Mj^^^gx found to react exclusively with «uv.- -_- , ariution. Alter 10 unuu^. 

group -^^Vo-m^^^^^ »ai\o0xt. Sx SSPE buffer at 22 C- j j^^^g laser 



mVnPoc Both 5'-0-MeNPoc ana j -v/ «.w 
SeSJ^Wcoside analogues were obtamed. 

Example 5 

Hybridization to ^^S^^^^S^S^X' 
p^bes subsumtedj^^^^^^^^ p) 

sub^ti u^ af htte^gtneous probe sequence, two 4x4 



6,156,501 

22 

\_ J J fl„« A 16x64 olieonucleolide airay was constructed using 
determined by comparing the ave«f boun«^ 5^°: vi^ips- n^ethodology. with 5'-0-MeNPOC-protected 

gait^-VoxUnol^ d(A) homopolymer p«>be , represented by the foUo>^ngsequcnce:^^^^^^ 

r^«ilt<; in a sififlificaat enhancement in specific ■ g TT G; G, G, G4 G5 C G G G T)-p J, iJJ 

Shat r to a co5cmentary oligodcoxynucleotide . ^^.^^^ undertined bases, are A'^ed/and the five in en.al 

Sende deoxyguanosines (G,.,) are substituted with G ddG, dl. and 

sequence. , T in aU possible (1024 total) combinations. A completnen- 

Example 7 , . ' oligonucleotide target, labeled with fluorescein at the 

. Hybridization to alternating A-T ohgodeoxynudeot.^^ 10 "^^J^^^^^^^fc AAT AC AAC CCCCGCCCA 

probes substituted with 5-propynyl-2'-deoxyundine (P) and ^ ^ • W ^^^^ ^^.^g). was hybridized to the array. 

2-amino-2'-deoxyadenosiDe (D) xhe hybridization conditions were: 5 nM target in 6x SSPE 

Commercially available f'-DMT-pro^^^^^^^^^ 22" C. with shaking. After 30 minutes^e chip was 

2'-deoxynucleoside/nucleoside-analog Pto^P^"-^^^'^^^^^^ ^, a,e flowcell of an Affymetrix scannmg laser 

(GlenResearch)wereusedtosy„th-ae^^^^ 15 mooted on^^^^^^^ ^i„oscope. rinsed once with 0.25 x 

^vS?p1?«TS"CS^^^^^^ - SS^E buffer at 22' C. and then a surface fluorescence image 

tSe£T,ir^T;rsl'tJl:T2^^^^ ^^^eTmlncy.- of targ. hybridization to each probe in 

f ma^kt rem^ve'the protecting g^up from the ,„,y ^ p,of^,Uonal to the bound fl«~at 

inVprin a checkerboard pattern. The first probe sequence i^i^^sHy in the region of the chip where tiie probe was 

S hen sSthS in tiie exposed region using DMT- '^^ZLd.Tb. Mc^^iucsb:^ subset o p^ohcs^^^^^^ 

XSoraSL with add-deprotection cycles and the jG^jdo and dG-dl substihiUons only) are 

SSce wiL finally capped with (MeO),PNiPr,/tetrazole 8 substitution of guanos.ne with 

foUowrf by oxidation. A second checkerboard exposure n f^^^^ ^^^ ^,hi„ ,he internal run of five G's resul s 

a dherent (previously unexposed) region of the chip was ' 6^^^^^ enhancement in the fluorescence signal 

then performed, and the second probe sequence was syn- ^ ^^^^^^ hybridization. Deoxyinosine sub- 

S si^d by the'same P-^"«- ,1?,%^'}^"^ sSKko enhance hybridization to the probe, but to a 

"control" probe was: -(HEG)-(30-CGCGCCGCGC-(5 ) example, the best overall enhancement 

(SEQ ro N0:21); and the sequence of the second probe was ^ _40-60% substituted with 

one of the following: Mn■•^■7^ 7.deaza-dG with the substitutions distributed evenly 

^SiirdSSS:^^^^^^^ ^ JhSolfoie run (i.e.. alternating d 

^-SlSii .H nPDPDDPDPD)-?5') (SEQ ID NO:25) 



^SIgQSI dPD^^^^^ Example 9 , ■ 

tffre^^E^fiSSylene^"^ H"ker. A-2;- 35 ^^^^^^ „f 5--MeNPOC-2'-deoxyinosine-3--(N.N- 

deoxyadenosine, T-thymidine, D-2-aiiiino-z- diisopropyi.2<yanoethyl)phosphoramidite 

deo^Jadenosine. and P-5-propynyl-2'-deoxyundine Each ''''^^J^ '^ q ^ ^^^Ic) was dissolved in 50 ml 
chiD was then hybridized in a solution of a fluorescem- ioo^'m^ dry pyridine was added and 

S'eleTol\godeoWotide t^^^^^^ ISLed^reelimeT tf d^^^^^^^^ Another 50ml 

'^^^'S^ZiS'^lf^^^^^^^ r20KDlM-irareX^ 

T vli iSlrtK Sip^^^ over 60 minutes. After 60 minutes, the bath was 

^f'^fn^S^l^Socal fluorescence microscope, rinsed ^^^^^d, and the solution was allowed to stir overmght at 

S vfl! ffi^SSPE Sr at 22' C. and then a surface « temperature. Pyridine and DCM «°«>^*? 

5uofL«« i^a?e wasSm^^ Hybridization to the chip ^,^J'„„io^. 5OO ml of ethyl acetate was added and the 

w^Se? overnight (total bybridizationlime-20br). P ^^^ed twice with water and the" bnne 

Tnd alSrface fluorescence image was acquued again ^jOO ml each). The aqueous washes were con»bined and 

Ibe Relative effidency of hybridization of «hc U^et to ttie twice with ethyl acetate, and then all of the 

AA- and substituted AA- probes was deterinmed by com^^^^ 5" • ^ere combined, dned with Na^-. '"J 

taK the average surface fluorescence intensuy bound to t^^^^ evaporated under vacuum. The product was recrystaUized 

Sof the Ihip containing the A/T or subsUtuted probe to V^^^^ 5.0 g (50% yield) of pure 5.-0- 

STfluor^ence intensity bound to the G/C control probe Jj^^^^'J.^^^^osine as a yellow solid (99% punty. 

Luence. Tbc results (FIG. 5) show that ^P^Py?/*;^" "J „ ,0 ^H-NMR and HPLC analysb). 

^mino-dA substitution in an An-Tich probe significantly 55 *'=^'^'?f ' oc.„ucleoside (25 g. 5.1 mmole) was sus- 

So^['olS bo~.hr^^^ AfT probes ;j40?l-61). Hie crude Phospbora.md.| F;^^^^^^ 
^S. that w'^ch is bound to the al.-G/C probe. n"-:^^^^^^^^^^ Sffus^SSl^Snd 

^*°P^* ^ . . « SLndM vacuum for -24 hours to obtain 2A g (80%) of 

Hybridization to oUgodeoxynudeotide p^^^ « ErprodudasayeUowsoHd(98%purity asdetermmed 

with 7-deaza-7-deoxyguanosme (ddG) and 2 -deoxyinosme fjj/sip.NMR and HPLC). 
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Example 10 

Synthesis of 5'-MeNPOC-7-deaza-r-deoxy(N2- 
isobSS-guanosine-3HN.N-diisopropyl-2-cyauoet^^^^ 

nucleoside 7-deaza-2.-deoxy(N2. 
isobulyryDguanosine (1.0 g, 3 mmole; Chemgenes Q«p. 

Mass.) was dried by co-evaporaUng th«e Um^ 
with 5 ml anhydrous pyridine and dissolved ui 5 of do^ 
. .r IrXi. /.,r.off i,„ «„1 ^ The solution was cooled to 



24 

VLSIPS oUgonucleotide probe anays in which all or a 
sub^o!^ gu'anosine residues are -bstitutes w.*7-dea^- 
2'-deoxyguanosinc and/or 2'-deoxyuiosine ar« highly desir- 
able Tte is because guanine-rich regions of nucleic acids 
Sociate to form muUi-stranded structures. For example. 
S uacts of G residues in RNA and DNA commonly 
aLociate to form tetrametic structures (Zmmermann et a^., 
Wallham. Mass.) was anea oy --- y (1975) 7. Mol. Biol 92: 181; Kim, f- (1^91) f ^ 

Sh 5^1 rnhydrous pyridine and dissolved jn 5 ml of dpr ^ ^ ^^gggj j^^^,^ 335: 364; and Sunquist et al. 

Sridi^DCMW^y vo')- -n^* ^l"'^" Two 9 " m Nature 342: 825). Tbe problem this poses to chip 
-45° C (dry ice/CHjCN) under argon, and a so ution of 0 9 l/TJj^^j; .^^^ assays is that such stmctures may com- 
y , 3 ' f,, 2 _i drv DCM was then hyDnaizaiwD j i„,v„-^;«tion between comple- 



tt^ fS^^O^^^^^^^^ ^CM was Jen 
f dded dTopSse with stirring. After 30 rninut«. the odd bath 
wi removed, and the solution aUowed to stir ovetmght at 
^Tm temperature. Tte solvents were evaporated, and the 
S Srial was purified by flash cbromalog«phyon 
Suca eel (2 S%-5% MeOH in DCM) to yield li g (88% 
• wrvMeNPOC-7-deaza-2'-deoxy(N2-isobutyryl) 

^gloLV^sf ySlow'foam. m product was 98% pure 
fccording to ^H-NMR and HPLC analysis. _ 
The MeNPOC-nucleoside (1.25 g. 2.2 mmole) w^phos- 

„ Jduct was purified by flash chromatography on sihca gel 
P!?^"5l'^*^.P~^:u../....,f,.P.t.N^. co^vaporated twice 
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„mH«ct was Burified by flash chromatograpny on am.- ^-^ acmeveo u^mg 
?^3"h«Kthyl acetate.Et3N). co^vaporated twice „ p.NA.s. 74: 5463). 

U anhydrous a^toni.^^-^^^^^^^^ P,, f.eile incor, 



ft 9891 Nature o^^. oaj^. ^/x^,*,. — — ^ - 
hybridization-based assays is that such stmctures may com- 
pete or interfere with normal hybridizauon ""^P}'; 
mentarv nucleic acid sequences. However, by subsUtuUng 
SH-G analog inTo G-rich nudeic acid sequences 
particularly at one or more positions withm a mn of O 
Sues, the tendency for such probes to forai high"<>'f " 
SmTesis suppresLl, while maintaining essenUaUy the 
s2 Sty and sequence specificity m <louble-strandcd 
s^ctures. -Oiis has been exploited in order to «duc eb^nd 

compression in sequencing gels (^^^;^»' f' ^ g'^ 
N 14- 1319) to improve target hybridization to G-nch 
NA.K.W. vT«{TP«; arravs Similar results are 

probe sequences m VLSlfi arrays, oium ,,q77\ 
aduevrusing inosine (see also. Sanger et al. (1977) 



with ''"I'ytf^^ttoSuf lhrpure product as a yeUow 
hours to obtam 13 g (75%) 01 J /yiHflip.vrMR and 
soUd (98% purity as determined by W P-NMK ana 

HPLQ. 



Example 11 

Svntbesis of 5'-MeNP0C-2,6-bis(pheno;qrac6tyl) -2.6- 
dia£purine-2^deoxyrib6side-3KN.N-dusdpropyl-2-, 

cyanoetbyOphosphoramidite. . ,\ o « „ 

me protected nucleoside 2.6-bis(pbenoxyacetyl) -2,6- 35 
diamLpurine-X-deoxyriboside (8 mmole. 4 2 g) was dned 
Sy ^vSoraUng twi« from ^f^^^^^^^^^JX^t 

I .^m^ratL After the overnight stirring, anothe 2 

•al KA^Qn and evaoorated to a yeUow solid which was 
::JkSCfl^ Slgraphy in DCM eni^o^g « 50 
Slllradient to elute the de^d product m 51% yie^ 

The S'-MeNPOG-nucleoside (4.5 mmole. 3.5 g) was, . 

silica gei v^yy.uj."-' r../ii«nlvcd in a minunum 

""ovcraU yield was 56%. at greater than 96% purity by 
HPLC and >H/''P-NMR. 

Example 12 

rating T-dcaza-Weoxyguaaosinc and 2-dcoxymosmc 10 
VLSSIPS™ Oligonucleotide Arrays 



For facile incorporation of T^eaza-Z-deoxyguanosine 
and a'-deoxyinoshe into oligonucleotide f^ays^^^^^^^^^ 
VLSIPSTM methods, a nucleoside P^osphoramKlite ^^^^^^^^ 
\no the analogue base which has a 5-O-Mewru^ 
Z^C^oi is constructed. Uis building block was 
Eared from commerciaUy available nucleosides acxo d- 
. Eo ScSe I. lUese aiidiles pass the usual, tests for 
coupling efficiency and photolysis rate. 




MeNPQC-g/pyridine^ 



NH-tbu 



McNPOG 



MeNPOC-O' 




NH-Jbu 



NH-ibu 
fiPt2N)2POCE/'iPt2NWrEr^ 
CHaQj 
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NH-ibu 
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CEP 



Although the foregoing invention has been descnbed in 
some detail by way of illustration and example for purposes 
of clarity of understanding, modifications can be made 
thereto without departing from the spirit or scope of the 

^ appended claims. 

All publications and patent appHcatioos cited ki this 
10 appUcalion arc herein incorporated by reference for all 
purposes as if each individual publication or patent appli- 
cation were specifically and individually indicated to be 
incorporated by reference. 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(iii) NUMBER OF SEQUENCES: 29 

(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DKA ; 

(Xi) SEQUENCE DESCJaPTION: SEQ ID HO:l: 

AAGATGCTAC 

(2) INFORMATION FOR SEQ ID H0:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS; single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 
AAAAANAAAA A 

(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS:. 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE type: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 
ATATAATATA 

(2) INFORMATION FOR SEQ ID H0:4: 

li\ SEQUENCE CHARACTERISTICS: • 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE DHA 

(xi) SEQUEHCE DESCRIPTION: . SEQ ID NO: 4: 
CGCGCCGCGC 

(2) IWFOBMATION F<Ml SEQ ID 110:5: 

(i) SEQUEHCE CHARACTERISTICS: 

(A) LEHGTH: 15 base pairs 

(B) TYPE* nacleic acid 

(C) STRAHDE0HESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECOI^ TYPES DHA 

(ix) FEATURE: 

(A) NAME/KBT: iBodified_baBe 

(B) LOCATIOS: 6. .10 

(D) OTHER IHPORMATION: /moOase- OTHER 
/note- *ll - guanosine (G), 
2' -3*-dideoxyguanine (ddG), 
2*-deoxyinosine (dl) or thymine (T)" 

(Xi) SEQUENCE DESCRIPTIONS SEQ ID N0s5s 

TGGGCNNNNN TTGTA 

(2) INFORMATION FOR SEQ ID K0:6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRAHDEDHESS: single 

(D) ViPOUOSit linear 

(ii) HOLECUI^ TWEs DNA 

(ix) FEATURES 

(A) KftME/KEYs - 

{d| SSS^^WONs /note- "Target DNA sequence 
(xi) SEQUENCE DESCRIPTION: SEQ ID H0s6: 
CTGAACGGTA GCATCTTGAC 

(2) INFORMATION FOR SEQ ID II0s7s 

(i) SEQUENCE CHARACTERISTICS s 

(A) IXNGTHs 20 base pairs 

(B) TYPES nxicleic acid 

(C) STRAHDEDHESS t single 

(D) TOPOLOGYi linear 

(ii) MOLECULE TYPES DHA . 

(ix) FEATURE: 

(A) NAME/KEYS - 
/Bl LOCKTIOHs 1..20 

(D) Orai INFORMATIONS /note- -Complementary DNA 
(xi) SEQUENCE DESCaiPTIOB: SEQ ID N0:7: 
GTCAAGATGC TACCGTTCAG 

(2) INFORMATION FOR SEQ ID BOS 8 s 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEHGTBs 20 base pairs 

(B) TIPB: nnclcic acid 

(C) STRAHDEDHESS I single 

(D) TOTOLOGYt linear. 



(li) MOLECULE TYPE: RNA 

(ix) FEATUREt 

(A) HAME/KEY: - . 
(B> LOCATION: 1..20 . 

(D) OTHER INFORMATION: /note- "Target RHA .sequence 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:8: 
CUGAACGGUA GCAUCUUGAC . • 

(2) INFORMATION FOR SEQ ID N0:9l 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid . 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

/iil MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /deac - 'r2 ' -O-methyl oligonucleotide 

(ix) FEATURE: 

(A) NAME/KEY: inodifiedJ)aBe 

<B) LOCATION: 1 

(D) OTHER INFORMATION: /mod-base- cm 

(ix) FEATURE: 

(A) NAME/KEY: modifiedjaaee 

(B) LOCATION: 2 

(D) OTHER INFORMATION: /modjjase- um 

(ix) FEATURE: 

(A) NAME/KEY I iiiodified_base .. . 

(B) LOCATION: 3 

(D) OTHER INFORMATION: /modjbase- gm 

(ix) FEATURE: 

(A) NAME/KEY: modifiedjaaso 

(B) LOCATION: 4 

(D) OTHER INFORMATION: /modjbase- OTHER 
/note- *'2*-0-methyladenosinB* 

(ix) FEATURE: 

(A) HAME/KEY: modified^ase 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /mod-base- OTHER 
/note- *»2'-0-methyladeno8ine'' 

(ix) FEATURE: 

(A) HAME/KEY: modified-base 

(B) LOCATION: 6 

(D) OTHER INFORMATION: /modjjaae- cm 

(ix) FEATURE: 

(A) HAME/KEYs nodifiedjjaso 

(B) LOCATION: 7 

^ (D) OTHER INFORMATION: /mod_baBe- gm 

(ix) FEATURE: 

(A) HAME/KEYi inodifiedJ>aBe 

(B) LOCATION: 6 

(D) OTHER INFORMATION: /jnodjjase- gm 

(ix) FEATURE: 

(A) HAME/KEY: modificdjaase 

(B) LOCATION: 9 

(D) CyiHER INFORMATION: /modjjaae- um 

(ix) FEATURE: 

(A) HAME/KEY: aodifiedwbase 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /mod-base- OTHER 
/note- *'2*-0-inethyladeno©ine- 



<'ix) FEATURE: 

(A) KAME/KEY: modifiecLbase 

(B) LOCATION: 11 

(D) OTHER IlffWtMATION;' /mod_base- gra 

(ix) FEATURE: 

(A) NAME/KEY: nodifie^-base 

(B) LOCATION: 12 

(D) OTHER INFORMATION: /mod-base- cm 

(ix) FEATURE: 

(A) name/key I modifiedjaase 

(B) LOCATIONS 13 

(D) OTHER INFORMATION: /modjjase- OTHER 
/note- '•2'-0-methyladenoBine'' 

(ix) FEATURE: 

(A) KAME/KEY: iiiodified_base 

(B> LOCATION: 14 

(D) OTHER INFORMATION; /mod-base- um 

(ix) FEATURE: 

(A) NAME/KEY: Bodified-base 

(B) LOCATION: 15 

(D) OTHER INFORMATION: /mod-base- cm 

(ix) FEATURE: 

(A) HAME/KEY: mtxiified-base 

(B) LOCATION: 16 

(D) OTHER INFORMATIONS /mod-base- um 

(ix) FEATURE: 

(A) NAME/KEY: modified-baae 

(B) LOCATION: 17 

(D). OTHER INFORMATION: /mod-base- um . . 

(ix) FEATURES ,^ ' , 

(A) HAME/KEY: Bodified-base 

(B) LOCATION: 18 

(D) OTHER INFORMATIONS /mod-base- gm 

(ix) FEATURE: 

(A) HAHE/lOSYi nodified-base 

(B) LOCATION: 19 

(D) OTHER INFORMATIONS /inod_base- OTHER 
/note- *'2'-0-methyladenofline'' 

(ix) PEATOHE: 

(A) NAME/KEY s modified-base 

(B) LOCATION: 20 

(D) OTHER INFORMATION: /modJja»e- cm 

(ix) FEATURE: 

(A) BAME/ms - 

(B) LOCATION: 1..20 ^ « ™^4.wi 
D OTHER INFORMATION: /note- "Target 2 -O-methyl 

oligomicleotide Bequence* 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 
NNNNNNNNNN HNNNNHNMHN . ' 

( 2 ) INFORMATION FOR SEQ ID NO: 10 : 

(i) SEQUENCE CBARACTERISTICSs 

(A) LENCIIfs 8 base pairs 

(B) TYPES nucleic acid 

(C) STRANDEDHESS: single 

(D) TOPOLOGY! linear 

(ii) MOLECULE TYPE: DMA 

(ix) FEATURE: 

(A) NAME/KEY! - 

IS! SSl^o™: /not«. -H«tchin, DNA cli,o„«clectide 
probe* 
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-continued 

(xi) SEQUEKCE DESCRIPTION: SEQ ID KO:10: 
CTTGCCAT . , . - . - 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - -2*-0-methyl oligonucleotide' 

(ix) FEATURE: 

(A) NAME/KEY: modified-base . . 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /mod^base- cm 

(ix) FEATURE: 

(A) NAME/KEY: modified-base 

(B) LOCATION: 2 

(D) OTHER INFORMATION: /inod„base- um 

(ix) FEATURE: 

(A) NAME/KEY: modifiedJjase 

(B) LOCATION: 3 

(D) OTHER INFORMATION: /mod-base- um 

(ix) FEATURES 

(A) NAME/KEY: modified.bo3e 

(B) LOCATION: 4 

(D) OTHER INFORMATION: /mod-base- gm 

(ix) FEATURE: . • . ' 

(A) NAME/KEY: modified_base 

(B) LOCATION: 5 

(D) OTHER INFORMATION; /mod-base- cm ' 

(ix) FEATURE: 

(A) NAME/KEYi modified-base 

(B) LOCATION: 6 

(D) OTHER INFORMATION: /mcd^bose- cm 

(ix) FEATURE: 

(A) NAME/KEY: modifiedjjase 

(B) LOCATION: 7 

(D) OTHER INFORMATION: /mod-base- OTHER 
/note- *2'-0-methyladenosine'* 

(ix) FEATURE: 

(A) NAME/KEY I modifiedjaase 

(B) LOCATION: 8 

(D) OTHER INFORMATIONS /mod»b«se- um 

(ix) FEATURES 

(A) NAME/KEYi - 

(B) LOCATIONS 1..8 , , i 
(D) OTHER IKFORMATIONs /note- "Matching 2 -O-methyl 

oligonucleotide analogue probe* 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
NNNNNNNN 



(2) INFORMATION FOR SEQ ID HO: 12 1 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY! linear 

(ii) MOLECULE TYPE: DNA 
(ix) FEATURE: 
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-continued 

(A) HAME/KEYl - 

(B) LOCATION: 1..8 , ^w- 
. (D) OTHER- IHFORHATION: /note- "DNA oligonucleotide probe 

with 1 base niflrQatch". 
(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 12: 



CTTGCTAT 



8 



(2) INFORMATION FOR SEQ 10 110:13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

/ii) MOLECULE TYPE: other nucleic acid , » 

^ (A) DESCRIPTION: /dcsc - '2 ' -O-methyl oligonucleotide" 

(ix) FEATURE: 

(A) NAH2/KEY: modifiedJjase 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /modjaase- cm 

(ix) FEATURE: 

(A) NAME/KEY: modified-baso 

(B) LOCATION: 2 

<D) OTHER INFORMATION: /mod-base- um 

(ix) FEATURE: 

(A) NAME/KEY: modifie<3_bose 

(B) LOCATION: 3 

(D) OTHER INFORMATION: /mod-base- um 

"(ix) FEATURE: . 

(A) NAME/KEY: modified^base 

(B) LOCATION: 4 

(D) OTHER INFORMATION: /modjjase- gm 

(ix) FEATURE: 

(A) NAME/KEY: modifiedJjase 

(B) LOCATION! 5 

(D) OTHER INFORMATION: /mod.base- cm 

(ix) FEATURE: 

(A) NAME/KEY: modifiedJ»a8e 

(B) LOCATION: 6 

(D) OTHER INFORMATION: /mod_base- tim 

(ix) FEATURE: 

(A) NAME/KEY: modifiedjsaso 

(B) LOCATION: 7 . , ^ 

(D) OTHER INFORMATION: /modjjase- OTHER 
/note- -a'-O-methyladenoBine" 

(ix) FEATURE! . ; 

(A) NAME/KEY: modified-base 

(B) LOCATION: B " " , ^ 

(D) OTKER INFORMATIONS /modjjase- um 



(ix) FEATURE: 

(A) HAME/KEYl - 



lol SSS moJliiTIor.: Vnote. -2'.0-»thyl cU,cn»=leotide 

* <• — .V* »,*4.K \ hftse miBmatch* 



analogue probe with 1 base mismatch 
(xi) SEQUENCE DESCRIPTXOHi SEQ ID NO: 13: 



8 

NNNNNNNN 



(2) INFORMATION FOR SEQ ID K0sl4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 ba»e paire 

(B) TYPE: nucleic acid 
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-continued 



(C) STRANDEDNESSi eingle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE:". 

(A) HAME/KEY: modified_base 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /mocLbase- OTHER 
/note- "H - cytosine covalently 
modified at the 3* phosphate group with 
a hexaethyleneglycol (HEG) linker" 

<xi) SEQIFENCE DESCRIPTION: SEQ ID HO 1 14: 



AAGATGNTAN 



(2) INFORMATION FOR SEQ ID NOllS: . 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(ix) FEATURE: 

(A) NAME/KEY: modifiedJ>ase 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /mod-base- OTHER 

/note- *N - cytosine covalently modified 
at the 3* phosphate group with a 
hexaethyleneglycol (HEG) linker" 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:15i 
AAGATNCTAN 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/ KEY: modified-base 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /modjjase- OTHER 

/note- *N « cytosine covalently modified 
at the 3* phosphate group with a 
hexaethyleneglycol (HEG) linker- 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:i6i 
AAGAHGCTAN • ' 



(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) KAME/KEY: modified-base 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /modjaase- OTHER 

/note- "N - cytosine covalently modified 
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at the 3 • phosphate group with a 
hexaethyleneglycoi (HEG) linker" 

• (xi) SEQUENCE DESCRIPTION: SEQID .m6:17: 
■AAGNTGCTAN 



(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY! linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/KEY: modificcLbase 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /modLbase- OTHER 

/note- U - cytosine covalently modified 
at the 5' phosphate group with a 
fluorescein molecule'' 

(xi) SEQUENCE DESCRIPTION: SEQ ID M0:X8i 

NTGAACGGTA GCATCTTGAC 



(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 11 base pairs 
. (B) TYPE; nucleic acid 
; (C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/KEYx modified-base 

(B) LOCATION: 11 

(D) OTHER INFORMATION: /jno<Lbase- OTHER 

/note- - adenine covalently modified 
at the 3' phosphate group with a 
hexaethyleneglycol (HEG) linker" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

AAAAANAAAA H 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 base pairs 

(B) TYPE: nucleic acid • 

(C) STRANDEDNESS: single ' 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/KEY: modifietLbase 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /modJ)aac- OTHER 

/note- *M - thymine covalently modified 
at the .5 * phosphate group with a 
fluorescein molecule* 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 



NTTTTGTTTT T 
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(2) INFORMATION FOR SEQ ID K0:21i 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 10 base pairs 
. (B) TYPE! nucleic acid 
' (C) STRANDEDNESS: single • ■ ' ^ \ . '' '■ ' . 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

<ix) FEATURE; 

(A) KAME/XEYi modl£ecLbaae 

(B) LOCATION: 10 f 
(D) OTHER INFORMATION: /mo<5_baBe- OTHER 

/note- "N - cytosirie covalently modified 
at the 3* phosphate group with a 
hexaethyleneglycol (HEG) linker" 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:21: 

CGCGCCGCGN 

(2) INFORMATION FOR SEQ ID HO :22s 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 10 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /deac - *2 '-deoxynucleoside/nucleoaide 
analogue decanucleotide probe" 

■(ix) FEATURE: 

(A) NAME/KEY : modified.ba5e 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /modjaase- OTHER 
/note- "N - 2 '-deoxyadenosine* 

<ix) FEATURE: 

(A) NAME/KEY: modifiedJjase 

(B) LOCATION! 3 

(D) OTHER INFORMATIONS /mocLbase- OTHER 
/note- "N - 2 '-deoxyadenosine* 

(ix) FEATURE: 

(A) NAME/KEY: modifieti.base 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /mod-base- OTHER 
/note- *H - 2 '-deoxyadenosine* 

(ix) FEATURE: 

(A) NAME/KEY: nodifiedjiase 
<B) LOCATION: 6 

(D) OTHER INFORMATION: /mocLbase- OTHER 
/note- "N - 2 '-deoxyadenosine* 

(ix) FEATURE: . > 

■ (A) HAME/KEYi mcxiificcLbase 
<B) LOCATION: 8 ■ 

(D) OTHER INFORMATION: /modJjase- OTHER 
/note- "H - 2 '-deoxyadenosine* 

(ix) FEATURE: 

(A) NAME/KEY: modifiecLbase 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /inodJ)aBe- OTHER 

/note- "N - 2 '-deoxyadenosine covalently 
modified at the 3* phosphate group with 
a hexaethyleneglycol (HEG) lin)cer* 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
NTNTKNTNTN 



10 



/ . 
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(2) INFORMATION FOR SEQ ID NO: 23: 

<i) SEQUENCE .CHARACTERISTICS: 
. (A) LENGTH:- 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION; /desc » •'2 ' -deoxynucleoside/nucleoside 
analogue decanucleotide probe" 



(ix) FEATURE: 

(A) NAME/KEY: modified^base 

(B) LOCATION: 1 

(D) OTHER INFORMATION; /modjsase- OTHER 
/note-'^N - a'-deoxyadenosine" 

<ix) FEATURE: 

(A) NAME/KEY: modified-base 

(B) LOCATION: 2 

(D) OTHER INFORMATION: /ino4_base- OTHER 

/note- "N - S-propyriyl-a'-deoxyuridine* 

(ix) FEATURE: 

(A) NAME/KEY: modifiedLbaee 

(B) LOCATION: 3 

(D) OTHER INFORMATION: /mod-base- OTHER 
/note- "N - 2 ' -de oxy adenosine* 

(ix) FEATURE: 

(A) NAME/KEY: modifiedjaase 

(B) LOCATION: 4 

(D) OTHER INFORMATIONS /niod_ba3e- OTHER 

/note- "N - 5-propynyl^2'-deoxyuridine'' 

. (ix) FEATURE: 

(A) NAME/KEY : . inodifie4_ba8e 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /naodjaase- OTHER 
/note- "N - 2 * -de oxy adenosine* 

(ix) FEATURE: 

(A) NAME/KEY: modified^base 

(B) LOCATION: 6 

(D) OTHER INFORMATION: /mod^ase- OTHER 
/note- "N - 2'-deoxyadenosine* 

■ 

(ix) FEATURE: 

(A) NAME/KEY: modified-base 

(B) LOCATION: 7 

(D) OTHER INFORMATION: /mod_base- OTHER 

/note- "N - 5-propynyl-2*-deoxyuridine'' 



(ix) FEATURE: 

(A) NAME/KEY: modifiedJaase 

(B) LOCATION: 8 

(D) OTHER INFORMATION: /modjaase- OTHER 
/note- ''H - 2 '-deoxyadenosine* 

(ix) FEATURE: 

(A) NAME/KEY: m6dified_baso 

(B) LOCATION: 9 

(D) OTHER INFORMATIONS /modJbasc- OTHER 

/note- *N - 5-propynyl-2'-deoxyuridine* 

(ix) FEATURE: 

(A) NAME/KEY: modifiecLbaBe 

(B) LOCATION: 10 

<D) OTHER INFORMATIONS /mod^ase- OTHER 

/note- "N - 2 • -de oxy adenosine covalently 
modified at the 3' phosphate group with 
a hexaethyleneglycol <HEG) linker* 

(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 23: 



NNNNNNNNNH 
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(2) INFORMATION FOR SEQ ID NO;24: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pa ire . 

(B) TYPE: nucleic acid . 
. (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear ' 

. (ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - '2 '-deoxynucleoside/nucleoBlde 
analogue decanucleotide probe* 

(ix) FEATURE: 

(A) HAME/KEYx modified-base 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /mod^ase- OTHER 

/note- *N - 2-amino-2 '-deoxyadenosine" 

(ix) FEATURE: 

(A) NAME/KEY; wodifietLbase , 

(B) LOCATION: 3 

<D) OTHER INFORMATION: /ino<i.base- OTHER 

/note* H - 2-amino-2 '-deoxyadenoaine" 

(ix) FEATURE: 

(A) KAME/KEYx modifiecLbase 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /mod-base- OTHER 

/note- *N - 2 -amino -2 •-deoxyadenosine* 

(ix) FEATURE: 

(A) KAME/KEYt iiiodifiedJ}ase 

(B) LOCATION: 6 

(D) OTHER INFORMATION: /mod^base- OTHER 

/note- *TI - 2-amino-2 '-deoxyadenoaine" 

(ix) FEATURE: . 

(A) NAME/KEY: modifiedjsase 

(B) LOCATION: 8 

. (D) OTHER INFORMATION: /mod-base- OTHER 

/note- 'TI - 2-amino-2' -deoxyadenosine" 

(ix) FEATURE: 

(A) NAME/KEY: ©odifiei.baee 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /mod-base- OTHER 

/note- *TI - 2-amino-2 •-deoxyadenoaine 
covalently modified at the 3' 
phosphate group with a 
hexacthylencglycol (HEG) linker" 



(xi) SEQUENCE DESCRIPTION: SEQ ID KO:24: 
HTNTNNTNTN 10 



(2) INFORMATION FOR SEQ ID KOl25l 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 10 base pairs 
• (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single ' . 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE:, other nucleic acid 

(A) DESCRIPTION: /desc » '2 •-deoxynucleoside/nucleoside 
analogue decanucleotide probe* 



(ix) FEATURE: 

(A) NAME/KEY I BodlfiedJbase 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /modJ>ase- OTHER 

/note- "N - 2 -amino -2 '-deoxyadenosine* 



(ix) FEATURE: 

(A) NAME/KEY: modi£ed_baae 

(B) LOCATION: 2 

(D) OTHER INFORMATION: /iQodJ>ase- OTHER 

/note- "H 5-propynyl-2'-deoxyuridine* 



47 



6,156,501 

-continued 



(ix) FEATURE: 

(A) NAME/KEY: modifiecLbase 

(B) LOCATION: 3 

(D) OTHER IKFORMATION: /mocLbase- OTHER. . 

/note- - 2-amino-2'-deoxyadenosine''. 

<ix) FEATURE: 

(A) NAME/KEY: modified^base 

(B) LOCATION: 4 

(D) OTHER HJFORMATION : /mocLbase- OTHER 

/note- -K - 5-propynyl-2'-deoxyuridLne'* 

(ix) FEATURE: 

(A) NAME/KEY: modified_base 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /modjjase- OTHER 

/note- **N - 2-amino-2 '-deoxyadenoBine* 

(ix) FEATURE: 

(A) NAME/KEY: modifiedjaase 

(B) LOCATION: 6 

(D) OTHER IWORMATION: /mocLbase- OTHER 

/note- "N - 2 -amino-2*-deoxy adenosine" 

(ix) FEATURE: 

(A) NAME/KEY: modifiedjaase 

(B) LOCATION: 7 

(D) OTHER INFORMATION: /modjaase- OTHER 

/note- *H - 5-propynyl-2*-deoxyuridine'' 

(ix) FEATURE: 

(A) NAME/KEY: modified_base 

(B) LOCATION: B 

(D) OTHER INFORMATION: /mod-base- OTHER 

/note- "N - . 2-aitiino-2'-deoxyadenosine'' 

(ix) FEATURE: 

(A) NAME/KEY: modified_baBe 

(B) LOCATION: 9 

(D) OTHER INFORMATION: /inod_basB- OTHER 

/note- *N - 5-propynyl-2*-deoxyuridine'' 

<ix) FEATURE: 

(A) NAME/KEY: aodified_base 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /mod-base- OTHER 

/note- "H " 2 -amino-2*-deoxy adenosine 
covalcntly modified at the 3' 
phosphate group with a 
hexacthyleneglycol (HEG) linker" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 
NNNNNNNNNN 



(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 10 base pairs • . 

(B) TYPE: nucleic acid 
<C) STRANDEDHESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/KEY: modified_baBe 

(B) LOCATION: X 

(D) OTHER INFORMATION: /modJ)a6e- OTHER 

/note- " thymine covalently modified 
at the 5* hydroxyl group with a 
fluorescein molecule* 

(ix) FEATURE: 

(A) NAME/KEY: modified^base 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /mod-base- OTHER 



1 - 
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/note- "K - thymine covalently modified 
at the 3 ' phosphate group with a 
hexaethyleneglycol (HEG) linker which is 
covalently bound to the 5* phosphate. 
• group of . the 5' guanine (N in pos. -l) of -. 
■ SEQ ID NO:27'' : ' 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

NATATTATAN 10 



(2) INFORMATION FOR SEQ ID NO:27l 

<i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 10 base pairs 

(B) TYFEt nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/KEY: modi£ed.ba8e 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /mocLbase- OTHER 

/note- "N - guanine covalently modified 
at the 5' phosphate group with a 
hexa ethyl enegly col (HEG) linker which is 
covalently boxmd to the 3* phosphate 
group of the 3* thymine (N in pos. 10) 
of SEQ ID NO: 26" 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
NCGCGGCGCG ... 10 

(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(ix) FEATURE: 

(A) NAME/KEY: modi£edJ>a8e 

(B) LOCATION: 6.. 10 

(D) OTHER INFORMATION: /mod_base- OTHER 
/note- "N - guanine (G), 
2' ,3*-dideoxyguanine (ddG), 
2*-deoxyino8ine (dl) or thymine (T)" 

(ix) FEATURE! 

(A) NAME/KEY: modified-baso 
■ (B) LOCATION: iS 

(D) OTHER INFORMATION: /mod^base- OTHER ; 
/notc^ "N - cytoaine covalently modified 
at the 5' phosphate group with a 
hexaethyleneglycol (HEG) linker" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 

TGGGCHNNNN TTGTN 15 



(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY! linear 
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ks(ii) MOLECULE TYPE: DNA 



(ix) FEATURE: 

(A) NAME/KEY: inodifiecLbaae 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /mocLbose- OTHER 

/note- *N ■ cytoslne covalently modified 
at the 5' phosphate group with a 
fluorescein molecule* 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 
NAATACAACC CCCGCCCATC C 



21 
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What is claimed is: 

1. A composition for analyzing interactions between oli- 
gonucleotide targets and oligonucleotide probes comprising 
an array of a plurality of oligonucleotide analogue probes 
having different sequences, wherein said oligonucleotide 
analogue probes are coupled to a solid substrate at known 
locations and wherein said plurality of oligonucleotide ana- 
logue probes arc selected to bind to complementary oligo- 
nucleotide targets with a similar hybridization stability 25 
across the array. 

2. The composition of claim 1, wherein at least one of said 
oligonucleotide analogue probes is selected to maintain 
hybridization specificity or mismatch discrimination with 
said complementary oligonucleotide targets. 

3. The composition of claim 1, wherein at least one of said 
oligonucleotide analogue probes has increased the thermal 
stability between said oligonucleotide analogue probe and 
said complementary oligonucleotide target as compared to 

an oligonucleotide probe that is the perfect complement to 35 
the complementary oligonucleotide target with which said 
oligonucleotide analogue probe anneals. 

4. The composition of claim 1, wherein at least one of said 
oligonucleotide analogue probes has decreased the thermal 
stability between said oligonucleotide analogue probe and 40 
said complementary oligonucleotide target as compared to 

an oligonucleotide probe that is the perfect complement to 
the complementary oligonucleotide target with which said 
oligonucleotide analogue probe anneals. 

5. The composition of claim 2, wherein at least one of said 45 
oligonucleotide analogue probes has increased the thermal 
stability between said oligonucleotide analogue probe and 
said complementary oligonucleotide target as compared to 
an oligonucleotide probe that is the perfect complement to 
the complementary oligonucleotide target with which said 50 
oligonucleotide analogue probe anneals. - 

6. The composition of claim 2, wherein at least one of said 
oligonucleotide analogue probes has decreased the thermal 
stability between said oligonucleotide analogue probe and 
said complementary oligonucleotide target as compared to 55 
an oligonucleotide probe that is the perfect complement to 
the complementary oligonucleotide target with which said 
oligonucleotide analogue probe anneals. 

7. The composition of claims 1-5 or 6, wherein said solid 
substrate is selected from the group consisting of silica, 60 
polymeric materials, glass, beads, chips, and slides. 

8. The composition of claims 1-5 or 6, wherein said 
composition comprises an array of oligonucleotide analogue 
probes 5 to 20 nucleotides in length. 

9. The composition of claims 1-5 or 6, wherein said array 65 
of oligonucleotide analogue probes comprises a nucleoside 
analogue with the formula 



HO' 




wherein: 

the nucleoside analogue is not a naturally occurring DNA 
or RNA nucleoside; 
is selected from the group consisting of hydrogen, 
methyl, hydroxyl, alkoxy, alkythio, halogen, cyano, 
and azido; . , . 

is. selected from the group consisting of hydrogen, 
methyl, hydroxyl, alkoxy, alkythio, halogen, cyano, 
and azido; 
Y is a heterocyclic moiety; 

and wherein said nucleoside analogue is incorporated into 
the oligonucleotide analogue by attachment to a 3' 
hydroxyl of the nucleoside analogue, to a 5' hydroxyl of 
the nucleoside analogue, or both the 3' nucleoside and 
the 5* hydroxyl of the nucleoside analogue. 

10. The composition of claims 1-5 or 6, wherein said 
array of 

oligonucleotide analogue probes comprises a nucleoside 
analogue with the formula 




wherein: 

the nucleoside analogue is not a naturally occurring DNA 
or RNA nucleoside; 

R^ is selected from the group consisting of hydrogen, 
hydroxyl, methyl, methoxy, ethoxy, propoxy, allyloxy, 
propargyloxy. Fluorine, Chlorine, and Bromine; 

R^ is selected from the group consisting of hydrogen, 
hydroxyl, methyl, methoxy, ethoxy, propoxy, allyloxy, 
propargyloxy. Fluorine, Chlorine, and Bromine; and 
Y is a base selected from the group consisting of 
purines, purine analogues pyrimidines, pyrimidine 
analogues, 3-nilropyrrolc and 5-nitroindole; 

and wherein said nucleoside analogue is incorporated into 
the oligonucleotide analogue by attachment to a 3' 
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hydroxyl of the nucleoside analogue, to a 5* hydroxyl of 23. The composition of claims 1-5 or 6, wherein at least 

the nucleoside analogue, or both the 3' nucleoside and one of plurality of said oligonucleotide analogue probes 

the 5' hydroxyl of the nucleoside analogue. forms a first duplex with a target oligonucleotide sequence, 

11. The composition of claims 1-5 or 6, wherein each wherein said oligonucleotide analogue probe has a corre- 
probe of said plurality of oligonucleotide analogue probes 5 sponding oligonucleotide sequence that forms a second 
has at least one oligonucleotide analogue, and wherein at duplex with said target oligonucleotide sequence, wherein 
least one of said oligonucleotide analogues comprises a , said second duplex is rich in A-T or G-C nucleotide pairs, 
peptide nucleic acid. and wherein said oligonucleotide analogue probc.has at least 

12. The composition of claims 1-5 or 6, wherein at least one nucleotide analogue in place of an A, T, G, or C 
oneof said plurality of oligonucleotide analogue probes said nucleotide of said corresponding oligonucleotide sequence 
array of oligonucleotide analogue probes is resistant to . ' at a position within said oligonucleotide analogue probe 
RNAase A. such that said first duplex has an increased hybridization 

13. The composition of claims 1-5 or 6, wherein said stability than said second duplex. 

solid substrate is attached to over 1000 different oligonucle- 24. The composition of claim 23, wherein said oligo- 

otide analogue probes. nucleotide analogue probe contains fewer bases than said 

14. The composition of claims 1-5 or .6, wherein each corresponding oligonucleotide sequence. 

probe of said plurality of oligonucleotide analogue probes 25. The composition of claims 1-5 or 6, wherein said 

has at least one oligonucleotide analogue, and wherein at oligonucleotide analogue probe forms a first duplex with a 

least one of said oligonucleotide analogues comprises 2-0- target oligonucleotide sequence, wherein said oligonucle- 

mcthyl nucleotides. otide analogue probe has a corresponding oligonucleotide 

15. The composition of claims 1-5 or 6, wherein said 20 sequence that forms a second duplex with said target poly- 
array of oligonucleotide analogue probes and said solid nucleotide sequence, and wherein said oligonucleotide ana- 
substrate comprises a plurality of different oligonucleotide logue probe is shorter than said corresponding polynucle- 
analogue probes, each oligonucleotide analogue probes hav- otide sequence. 

ing the formula: 26. A composition for analyzing the interaction between 

25 an oligonucleotide target and an oligonucleotide probe com- 
Y— U— X*— L*— prising an array of a plurality of oligonucleotide probes 

having different sequences hybridized to complementary 

wherein, oligonucleotide analogue targets, wherein said oligonucle- 

Y is a solid substrate; otide analogue targets bind to complementary oligonucle- 

and are complementary oligonucteotides contain- ^ otide probes with a similar hybridization stability across the 

ing at least one nucleotide analogue; array. 

is a spacer 27. The composition of claim 26, wherein at least one of 

is a linking group having sufficient length such that X^ . fai^ oligonucleotide analogue target is K^lected to maintain 

and X^ fomfa double-sfranded oligonucleotide. hybndization specificity or mismatch discnmmalion with . 

16. TTie composition of claim 15, wherein said composi- „ said complementaiy obgonuclcotide 

tion comprises a library of unimolecular double-stranded 2«. TTie competition of claim 26, wherem at least one of 

oligonuckotide analogue probes. ^^'^ oligonucleotide analogue targets has increased the 

17. The composition of claims 1-5 or 6, wherein said thermal stabihty between said ohgonuc eoude analogue 
array of oligonudeotide analogue probes comprises a con- target and said complementay ohgonucleotide probe as 
forriationally restricted array of oligonucleotide analogue compared to an oligonudeotide target that rs the perfect 
probes with the formula: ^ complement to the complementary oligonucleotide probe 
^ with which said oligonucleotide analogue target anneals. 

-_X"— z^X" 29. The composition of claim 26, wherein at least one of 

said oligonucleotide analogue targets has decreased the 

wherein X" and X" are complementary oligonucleotides thermal stability between said oligonucleotide analogue 

or oligonucleotide analogues and Z is a presented 45 target and said compleihchtary oligonucleotide probe as 

moiety. compared to an oligonucleotide target that is the perfect 

18. The composition of claims 1-5 or 6, wherein each complement to the complementary oligonucleotide probe 
probe of said plurality of oligonucleotide analogue probes with which said oligonudeotide analogue target anneals, 
has at least one oligonucleotide analogue, and wherein at 30. The conipdsition of claim 27, wherein at least one of 
least one of said oligonucleotide analogues comprises a 50 said oligonucleotide analogue targets has increased the 
nucleoUde with a base selected from the group of bases thermal stability between said oligonucleotide analog^ue 
consisting of 5-propynyluracil, 5-pr6pynylcytosine, target and said complementary: oligonucleotide probe, as 
2-aminoadenine, 7-deazaguanine, 2-aminopurine, 8-aza-7- compared to an oligonucleotide target that is the perfect 
deazaguanine, IH-purine, and hypoxanthine. complement to the complementary oligonucleotide probe 

19. The composition of claims 1-5 or 6, wherein said 55 with which said oligonucleotide analogue target anneals, 
plurality of oligonudeotide analogue probes are coupled to 31. The composition of claim 27, wherein at least one of 
said solid substrate by light-directed chemical coupling. said oligonudeotide analogue targets has decreased the 

20. The composition of claim 19, wherein said solid thermal stability between said oligonucleotide analogue 
substrate is dcrivitized with a silane reagent prior to syn- target and said complementary ohgonucleotide probe as 
thesis of said plurality of oligonucleotide analogue probes. 60 compared to an oligonucleotide target that is the perfect 

21. The composition of claims 1-5 or 6, wherein said complement to the complementary oligonucleotide probe 
plurality of oligonucleotide analogue probes are coupled to with which said oligonucleotide analogue target anneals, 
said solid substrate by flowing oligonucleotide analogue 32. The composition of claims 26-30 or 31, wherein the 
reagents over known locations of the solid substrate. oligonucleotide analogue target is a PCR amplicon. 

22. The composition of claim 21, wherein said solid 65 33. The composition of claims 26-30 or 31, wherein at 
substrate is derivitized with a silane reagent prior to syn- least one of said plurality of oligonudeotide probes com- 
thesis of said plurality of oligonucleotide analogue probes. prise at least one oligonucleotide analogue. 
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34 The compositioa of claims 26-30 or 31, wherein at sized on said solid support by causing oligonucleotide 

least one target oligonucleotide analogue acid is an RNA analogue synthetic reagents to flow over known locations of 

nucleic acid support. 

35. A method analyzing interactions between an oUgo- 45. The method of claims 35-39 or 40, wherein said step 
nucleotide target and an oligonucleotide probe, comprising 5 (a), comprises the steps of: 

the steps of: i). forming a plurality of channels adjacent to the surface 

(a) , synthesizing an oligonucleotide analogue array com- . . . of said substrate; 

prising a plurality of oligonucleotide analogue probes . ii). placing selected reagents in said channels to synthe- 

having different sequences, wherein said oligonucle- size oligonucleotide analogue probes at known loca- 

otide analogue probes are coupled to a solid substrate 10 . 

at known locations, said soUd substrate having a sur- iii). repeating steps 0. and ii). thereby forming an a^ay ot 

oligonucleotide analogue probes havmg different 

^ X ' • -J f ^i^^f,-^^ ««^i^^,««r^i,^ arrovtrt sequenccs at known locations on said substrate. 

(b) . exposing said oligonucleotide analogue probe array to ^ ^ ^^^^^^^ ^^.^ ^^.^ 

a plurality of oligonucleotide targe^^^^ hybn^^^^ J^ ^^ ^ ^^^^^^ t^^^s, 

tion conditions such that said plurality of ohgonucle- as 

otide analogue probes bind to complementary oligo- ^^^^^ ^ ^ ^^^^^ ^^^^ ^^^^^-^ 

nucleotide targets with a similar hybridization stabUity ^^i^^^^^^^ comprised of materials selected from the group 

across the anray; and consisting of silica, polymers and glass. 

(c) . determining whether an oligonucleotide analogue 43 method of claims 35-39 or 40, wherein the 
probe of said oligonucleotide analogue probe array 20 oligonucleotide analogue probes of said array are synthe- 
binds to at least one of said target nucleic acids. sized using photoremovable protecting groups. 

36. The method in accordance of claim 35, wherein at 49. The method of claims 35-39 or 40, further comprising 
least one of said oligonucleotide analogue probes is selected selectively incorporating MeNPoc onto the 3' or 5* hydroxyl 
to maintain hybridization specificity or mismatch discrimi- of at least one nucleoside analogue and selectively incorpo- 
nation with said complementary oUgonuclcotide targets. 25 rating said nucleoside analogue into at least one of said 

37 The method in accordance of claim 35, wherein at oligonucleotide analogue probes. 

least one of said oligonucleotide analogue probes has 50. The method of claims 35-39 or 40, wherem at least 

increased the thermal stability between said oligonucleotide one of said oUgonucleotide analogue probes is synthesized 

analoeue probe and said complementary oligonucleotide from phosphoramidite nucleoside reagents, 

target as (x>mpared to an oligonucleotide probe that is the 30 51. A method of detecting an obgonucleotide target, 

perfect complement to the complementary oligonucleotide , comprising enzymatically copying an oligonucleotide target 

tareet with which said oUgonucleotide analogue probe . using at least one nucleotide analogue, thereby produang 

anneals multiple oligonucleotide analogue targets, selectmg said 

38 The method in accordance of claim 35, wherein at oligonucleotide analogue targets such that said oUgonuclc- 
least one of said oUgonucleotide analogue probes has 35 otide analogue targets bind to the complementary oligo- 
decreased the thermal stability between said oUgonucleotide nucleotide probes coupled to a soUd surface at known 
analogue probe and said complementary oligonucleotide locations of an array with a similar hybridization stability 
target as compared to an oligonucleotide probe that is the across the array, hybridizing the oUgonucleotide analogue 
perfect complement to the complementary oligonucleotide targets to complementary oligonucleotide probes, and 
tareet with which said oligonucleotide analogue probe 40 detecting whether at least one of said oligonuclotide ana- 
^^Q^]^ logue targets binds to said complementary ohgonucleoUde 

39. The method in accordance of claim 36, wherein at acid probe. _ 

least one of said oUgonucleotide analogue probes has 52. Tlie method of claim 51, wherem at least one of said 

increased the thermal stability between said oligonucleotide oUgonucleotide analogue targets is selected to mamtain 

analogue probe and said complementary oligonucleotide 45 hybridization specificity or mismatch discnmmation with 

tareet as compared to an oligonucleotide probe that is the said complementary oUgonucleoUde probes, 

perfect complement to the complementary oligonucleotide 53. Tlie method of claim 51, wherem at least one of said 

tareet with which said oUgonucleotide analogue probe oUgonucleotide analogue targets has increased the thermal 

^^^^ stabiUty between said oligonucleotide analogue target and 

40 The method in accordance of claim 36, wherein at 50 said complementary oligonucleotide probe as coinpared to 
least "one of said oUgonucleotide analogue probes has an oUgonucleotide target that is the perfect complement to 
decreased the thermal stability between said oligonucleotide the complementary oUgonucleoUde probe with which .said 
analoeue probe and said complementary oligonucleotide oUgonucleotide analogue target anneals. 

target as compared to an oligonucleotide probe that is the 54. Ibe method of claim 51, wherem at least one of said 

perfect complement to the complementary oligonucleotide 55 oUgonucleotide analogue targets has decreased the thermal 

tareet with which said oUgonucleotide analogue probe stabiUty between said oUgonucleotide analogue target and 

anneals complementary oligonucleotide probe as compared to 

41 The method of claims 35-39 or 40, wherein said an oUgonucleotide target that is the perfect complement to 
oUgonucleotide target is selected from the group comprising the complementary oUgonucleotide probe with which .said 
genomic DNA, cDNA, unspUccd RNA, mRNA. and rRNA. 60 oUgonucleotide analogue target anneals. ' . , 

42 TTiemethodofclaims35^9or40,whereinsaidtarget 55. The method of claun 52, wherein at least one of said 
nucleic acid is amplified prior to said hybridization step. oligonucleotide analogue targets has increased the thermal 

43 The method of claims 35-39 or 40, wherein said stabiUty between said oligonucleotide analogue target and 
plurality of oUgonucleotide analogue probes is synthesized said complementary oligonucleotide probe as cornpared to 
on said soUd support by light-directed synthesis. 65 an oUgonucleotide target that is the perfect complement to 

44 The method of claims 35-39 or 40, wherein said the complementary ohgonucleoUde probe with which said 
plurality of said oligonucleotide analogue probes is synthe- . oUgonucleotide analogue target anneals. 
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56. The method of claim 52, wherein at least one of said 
oligonucleotide analogue targets has decreased the thermal 
stability between said oligonucleotide analogue target and 
said complementary oligonucleotide probe as compared to 
an oligonucleotide target that is the perfect complement to 
the complementary oligonucleotide probe ^yith which said 
oligonucleotide analogue target anneals; 

57. The method of clairns 51-55 or 56, wherein the 
oligonucleotide probe array comprises at least one oligo- 
nucleotide analogue probe which is complementary to at 
least one of said oligonucleotide analogue targets. 

58. A method of making an array of oligonucleotide 
probes, comprising providing a plurality of oligonucleotide 
analogue probes having at least one oligonucleotide 
analogue, said oligonucleotide analogue probes having dif- 
ferent sequences at known locations on an array, selecting 
the oligonucleotide analogue probes to hybridize with 
complementary oligonucleotide target sequences under 
hybridization conditions such that said oligonucleotide ana- 
logue probes bind to complementary oligonucleotide targets 
with a similar hybridization stability, across the array. 

59. The method of claim 58, wherein at least one of said 
oligonucleotide analogue probes is selected to maintain 
hybridization specificity or mismatch discrimination with 
said complementary oligonucleotide targets. 

60. The method of claim 58, wherein at least one of said 
oligonucleotide analogue probes has increased the thermal 
stability between said oligonucleotide analogue probe and 
said complementary oligonucleotide target as compared to 
an oligonucleotide probe that is the perfect complement to 
the complementary oligonucleotide target with which said 
oligonucleotide analogue probe anneals; 

61. The method of claim 58, wherein at least one of said 
oligonucleotide analogue probes has decreased the thermal 
stability between said oligonucleotide analogue probe and 
said complementary oligonucleotide target as compared to 
an oligonucleotide probe that is the perfect complement to 
the complementary oligonucleotide target with which said 
oligonucleotide analogue probe anneals. 

62. The method of claim 59, wherein at least one of said 
oligonucleotide analogue probes has increased the thermal 
stability between said oligonucleotide analogue probe and 
said complementary oligonucleotide target as compared to 
an oligonucleotide probe that is the perfect complement to 
the complementary oligonucleotide target with which said 
oligonucleotide analogue probe anneals. 

63. The method of cbim 59, wherein at least one of said 
oligonucleotide analogue probes has decreased the thermal 
stability between said oligonucleotide analogue probe and 
said complementary oligonucleotide target as compared to 
an oligonucleotide probe that is the perfect complement to 
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the complementary oHgonucleotide target with which said 
oligonucleotide analogue probe anneals. 

64. The method in accordance with claims 58-62, or 63, 
further comprising incorporating at least one oligonucle- 

5 otide analogue into at least one of the oligonucleotide 
analogue probes of the array to reduce or prevent the, 
. formation of secondary strticture in the oligonucleotide of 
the array. 

65. "Die method in accordance with claims 58-62, or 63, 
10 further comprising incorporating at least one oligonucle- 
otide analogue into at least one of the oligonucleotide target 
to reduce or prevent the formation of secondary structure in 
the target polynucleotide sequence. 

66. The method in accordance with claims 5S-62, or 63, 
15 further comprising incorporating at least one oligonucle- 
otide analogue into at least one of the oligonucleotide 
analogue probes of the array to create secondary structure in 
the oligonucleotide of the array. 

67. The method in accordance with claims 58-62, or 63, 
20 further comprising incorporating a base selected from the 

group consisting of 5-propynyluracil, 5-propynylcytosine, 
2-aminoadenine, 7-deazaguaniDe, 2-aminopurine, 8-aza-7- 
deazaguanine, IH-purine, and hypoxanthine into the oligo- 
nucleotide analogue probes of the array. 
25 68. The method of claim 67 further comprising selecting 
said at least one oligonucleotide analogue such that the 
oligonucleotide analogue probe is a homopolymer. 

69. The method in accordance with claims 58-62, or 63, 
further comprising selecting said at least one oligonucleotide 

30 analogue from the group consisting essentially of oligo- 
nucleotide analogues comprising 2'-0-methyl nucleotides 
and oligonucleotides comprising a base selected from the 
' group of bases consisting of 5 . -propynyluracil, 
5-propynylcytosine, 7-deaziaguanine, 2-aminoadenine, 

35 8-aza-7-deazaguanine, IH-purine, and hypoxanthine. 

70. The method in accordance with claims 58-62 or 63, 
further comprising selecting said at least one oligonucleotide 
analogue such that oligonucleotide analogue probes com- 
prises at least one peptide nucleic acid. 

40 71. The method in accordance with claims 58-62, or 63, 
further comprising selecting said at least one oligonucleotide 
analogue to increase image brightness when the oligonucle- 
otide target and the oligonucleotide analogue probe hybrid- 
ize in the presence of a fluorescent indicator, in comparison 

45 to a oligonucleotide probe without oligonucleotide analogs. 
72. The method in accordance with claims 58-62, or 63, 
further comprising providing said plurality of oligonucle- 
otide analogue probes in an array with at least 1000 other 
oligonucleotide analogue probes. 
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